Abstract-Ethylene polymerization was carried out using new late transition metal 2,6-bis(imino)pyridine catalysts containing different substituents (H, NO 2 , and OCH 3 ) at the para position of the pyridine ring, activated by methylaluminoxane. Effects of polymerization parameters such as ethylene pressure, reaction temperature, hydrogen concentration and structure variation on the catalysts activities and polymer properties were investigated. Introducing the functionality in the para-position of the pyridine ring of the catalysts had remarkable effect on the polymer properties as well as the catalysts activities.
INTRODUCTION
Since the first reports of active catalysts for ethylene polymerization based on iron and cobalt supported by bis(imino)pyridine ligands (BIMP) [1, 2] , there have been numerous studies directed at modifying the bis(imino)pyridine frame [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] especially by the groups attached to the imine nitrogen donors [6] [7] [8] [9] [10] [11] [12] . Bennett reported the imidazolyl based catalyst [16] . Gibson studied the effect of different substitutes in the imine carbon position on catalyst activity [17] . Guo has synthesized unsymmetrical iron(II) bis(imino)pyridyl catalysts for ethylene polymerization and has investigated the effect of the bulky ortho substituent [18] . Besides, various bis(imino)pyridine iron(II) catalysts are generally used for production of linear polyethylenes with broad and bimodal molecular weight distribution [18] [19] [20] . Therefore, great deal of researchers is involved in the design of new ligands, changing the backbone substituents on the carbon atoms of imine groups and replacing the aniline moiety and in the study of their activity in ethylene polymerization. However, the introducing functional groups to the pyridine ring of the ligands is less studied.
As a part of our ongoing research [21] [22] [23] [24] , herein, ethylene polymerization mediated by new bis(imino)pyridine catalysts (Scheme 1) in the different polymerization conditions was investigated.
EXPERIMENTAL Materials Methylaluminoxane (MAO, 10%), 2,6-diisopropylaniline and other chemicals were purchased from Sigma-Aldrich Chemical Co. 2,6-Diacetylpyridine (purity > 99%) was supplied by Acros (Somerville, NJ). For polymerization, MAO was added to the reactor previously purged with argon for 15 min and containing toluene, following by addition of the catalyst in dissolved dichloromethane (5 mL) and ethylene. The content was stirred and maintained under ethylene throughout the polymerization. The solid polyethylene (PE) was collected by filtration, washed with acidic methanol (50 mL) and dried in the vacuum oven.
Characterization
All manipulations were carried out under an atmosphere of nitrogen using standard Schlenk techniques. Solvents were stored over sodium wire and 13X and 4 A activated types molecular sieves.
Differential scanning calorimetry (Universal V4IDTA) was carried out with a rate of 10 grad/min, 30 mL/min of ultra pure nitrogen gas was fed contin-uously to purge the calorimeter. The polymer sample, about 5 mg, was first equilibrated at 30°C, and then heated up to 180°C. The peak temperature with the highest endotherm was chosen as the melting point. Degree of crystallinity of a polyethylene sample was calculated according to our previous report [23] .
Elemental analysis for was carried out by CHNO type Thermo Firingan 11112EA microanalyzer. ) [22] .
Ligand and Catalyst Preparation
4-Nitro-2,6-diacethylpyridine and 4-methoxy-2,6-diacethylpyridine were synthesized according to our previous work [21] . 4 2,6-Diacethyl pyridine bis(2,6-diisopropylphenylimine) (a): 2,6-Diisopropylaniline (12.4 mmol, 2.38 mL) and p-toluenesulfonic acid were added to the solution of 2,6-diacethylpyridine (6.1 mmol). The resulting mixture was stirred at 25°C for 2 days until the precipitate formed. The white precipitate was filtered, washed with methanol and dried. A pale yellow solid was obtained. The resulting solid was dissolved in chloroform, then excess of 2,6-diisoropylaniline (6.1 mmol) was added to solution. The solution was refluxed for 5 days. The solvent was removed, a yellow powder was obtained, washed with n-hexane and dried. 
4-Methoxy-2,6-diacethyl pyridine bis(2,6-diisopropylphenylimine) (c):
The similar procedure was used for synthesis compound (c), which was obtained as a pale brown solid. 1 
RESULTS AND DISCUSSION
The main purpose of this work is to study the effect of chemical nature of substituent at the para-position of the pyridine ring on the catalyst activity and polymer properties. Replacing the para-proton of pyridine ring of the ligand with NO 2 and methoxy substituents (B and C) has a dramatic effect on catalyst performance (Scheme 1). However, all three catalysts exhibited high activity for ethylene polymerization at low and high pressure runs. The catalysts gave the activities in the order of: B > A > C.
For all the three catalysts, the effect of reaction temperature and ethylene pressure on catalyst activity was studied. The influence of polymerization temperature on activity was investigated at the range of the temperatures 10-60°C, while the [Al]/[Fe] molar ratio was kept constant at 1000:1.
As it can be seen in Fig. 1 , the highest productivity of the catalysts A, B and C was achieved at about 40, 25 and 50°C respectively. Activity of catalyst A increased with the polymerization temperature up to 40°C, but at higher polymerization temperatures it decreased due to the increase in catalyst deactivation rate known for most of olefin polymerization catalysts. The effect of polymerization temperature on catalyst activity might be explained by Brookhart theory on deactivation mechanism of α-diimine catalysts [25, 26] . The motion and rotation of aryl ring is increased at higher polymerization temperature. Therefore, due to the C-H bond activation of an ortho alkyl substituent, perturbation occurred in coordination step through a disorder in overlap of empty d orbital of the metal center with π-olefin orbital, leads to reduction of the activity of active centers [27] . The thermal stability of catalyst C was higher than of other catalysts probably due to p-OCH 3 substitution of the pyridine ring. However, its overall activity was lower. Catalyst B with p-NO 2 substitution showed the highest activity in the polymerization at 20°C. However at higher polymerization temperature its activity decreased.
The effect of ethylene pressure on catalysts activities followed the same trend for all three catalysts (Fig. 2) . The catalyst activity increased with ethylene pressure, which is expected since catalyst active sites are exposed to higher ethylene concentration at higher pressure.
Ethylene polymerization was carried out using different amount of hydrogen as a chain transfer agent. As it can be seen in Fig. 3 , higher amount of hydrogen could increase the activity of the catalysts A and C slightly, while H 2 did not affect the activity of the catalyst B. 2,1-Reinsertion of short olefin branches, are still capable to be coordinated to the catalyst centers, is probable. [26, 27] . We have recently proposed a reasonable mechanism for reactivation of active centers by hydrogen resulting in an increase in activity [22] . With the aid of Gaussian software (09) using B3LYP method of theory with the Lanl2dz basis set [28] the conformations and QEq charges of catalysts A-C were calculated. It is worth noting that QEq is only focused on the electronic effects. Although electronic and steric effects will change together when a substituent is changed, owing to the almost similar bulky hindrance, the interference of steric effect is reduced. A comparison between the activity and QEq charge showed in Table 1 . A good match between the sequence of QEq charges and electron-withdrawing abilities was observed. For example, the nitro group is electron-poorer than the other moieties, leading to a more electrophilic metal center, i.e. a higher charge value for Fe. The relationship between activity and net charge of the central metal atom thus is the following. The higher is the charge, the higher is the activity, which is different from those for early transition metal systems. Figure 4 showed the time dependences of catalytic activities of catalysts for ethylene polymerizations at optimum polymerization temperature obtained for each catalyst. For the catalyst B which is the most active catalyst between the examined ones, catalytic activities decreased and the rate profile exhibited decay kinetic. Although the rate profile of catalysts A and C exhibited decay kinetic as the time increased, they displayed almost slower decay relative to that of catalyst B. As can bee seen, the activities become stable from 30 to 60 min. It can be concluded that the electron-donating substituent attached to the paraposition of the pyridine ring, can restrain the catalytically active iron centers from deactivation and effectively prolong the catalyst lifetime.
By change in the substitutions at the para-position of the pyridine ring in the catalysts, the polymers properties changed ( Table 2) . As expected, increasing the reaction temperature resulted in decreasing of the M v of PE. It is noteworthy to mention that the M v of PE changes in the range of catalysts in the order of A > B > C. The obtained polyethylene has a melting point at about 125-135°C and crystallinity of about 48-65%. Higher pressure increased both the crystallinity and the M v values of the obtained polymer.
CONCLUSIONS
The different para substituents (H, NO 2 , OCH 3 ) exhibit not significant effect on steric bulk of catalysts, but the electronic effects can provide different catalyst activities and polymers properties. The electronic effects of the para substituent of the pyridine moiety of the catalysts distinctly affect the molecular weights of the obtained polyethylenes. Catalyst A provides the highest molecular weight of polyethylene among the prepared catalyst. In addition, lower thermal stability is observed for the catalyst B whereas the activity of the catalyst C toward increasing the polymerization temperature is surprisingly stable. Hydrogen slightly increases the activities of the catalysts A and C. 
